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INTRODUCTION
Lucas and Rapping (1969) present a model of the aggregate labour market where the demand and supply of labour are continuously equated. In this model unemployed individuals are on an intertemporal labour supply function and unemployment is a form of non-market time chosen by individuals on the basis of current and expected future wage rates. Since unemployment depends only on wage rates, it is legitimate to aggregate it with other forms of non-market time using the Hicks' composite commodity theorem to form an aggregate measure of non-market time. Labour supply is simply the complement of this aggregate measure. Thus, in this model unemployment represents labour supply behaviour and fluctuations in unemployment reflect individuals adjusting their hours of work in response to fluctuations in wage rates over the business cycle. The Lucas and Rapping model has played an important role in macroeconomic theory over the past decade and, as a result, this model has been thoroughly investigated and tested in a series of important papers using aggregate time-series data. (See, for example, Altonji (1982) , Altonji and Ashenfelter (1980) , Andrews and Nickell (1982) , and Ashenfelter and Card (1982) ).
The purpose of this paper is to implement a test of the hypothesis that unemployment represents intertemporal labour supply behaviour using panel data on individuals from the Panel Study of Income Dynamics (PSID). The motivation for the test is two-fold. First, the use of micro data for investigating this interpretation of unemployment offers at least two advantages over the use of aggregate data:' (i) it avoids aggregation biases and (ii) there is more variation in the individual wage series than the mean wage series. 
In (1), Cit and Hit represent his consumption and labour supply in period t respectively while p represents the rate of time preference. In (2), r is the real interest rate, A1o is initial assets, and wit is the consumer's real wage rate in period t. To increase the clarity of presentation, I am ignoring, for the moment, the problem of uncertainty and the possibility that the real interest rate changes over time, but both of these factors are considered in the empirical work presented below. The utility function is assumed to take the form Uit (Cit, Hit) = Yl itC tly2YtH11i,
where 0<,13<1 and 132>1. To allow for taste variation across individuals, assume that Y2it takes the form Y2it = exp (-Y2i -xit -eit),
where Y2i is an individual fixed effect capturing permanent tastes toward leisure, 4 is a vector of parameters, xit is a vector of demographic variables, and eit is an error term. Since data on prime-aged males are analysed, the participation decision is ignored and the worker's intertemporal labour supply function takes the form ln Hit = Fi + at + 4'xi, +8 ln wit + Eit, 
In (6), xit represents demographic variables hypothesized to influence preferences toward leisure. Note that all time-constant variables, (as well as permanent tastes toward leisure), drop out of (6). Among a worker's time varying characteristics, age, marital status and number of children are natural candidates to influence preferences. One can control for age by redefining a to include the age coefficient in the vector 4. In the estimation, changes in marital status are controlled for by treating marital status as exogenous and restricting the sample to individuals continuously married to the same person. For expositional ease, I will ignore for the moment that the number of children affects preferences (although this possibility is considered in the empirical work below) and rewrite (6) as A In Hit = a !+ A In wit+ Aeit.
Thus while demographic variables which are usually entered in a cross-section labour supply regression do not appear in (7), this occurs because they difference out, not because they are ignored in the analysis. In the empirical work presented below, Hit does not contain any measure of unemployed hours, A ln wit is always treated as endogenous and two-stage procedures are used for estimation.3 For most of the work presented below, standard stochastic assumptions (Kiefer (1980) 
although I also consider two special cases of relaxing (8b).
An alternative model with hours constraints
MaCurdy's specification provides an empirically tractable method of estimating intertemporal labour supply behaviour when workers do not face binding labour market constraints and unemployment represents labour supply behaviour. As a potential alternative, consider the case where workers face an upper limit Hli on the hours they can work in each period, but again there is no uncertainty concerning any future variables. Letting TU denote the periods where the constraint is binding and the worker experiences unemployment, desired labour supply can now be described by the following Tobit structure 
Choice of instruments
Essentially two sets of variables are used as instruments. The first set consists of human capital variables used previously by MaCurdy.9 The second set consists of demand variables used to proxy the labour market conditions faced by a worker. These demand variables are the first difference in: the local unemployment rate; a series of dummy variables indicating the difference between the number of applicants and vacancies in the individual's local labour market; the unemployment rate in the individual's (one-digit) occupation; the unemployment rate in the individual's (two-digit) industry; and a dummy variable indicating whether an individual reported in the current year that he had lost his previous job because his company went out of business. I also use interactions between human capital variables (age, age-squared, education, and age times education) and some of the first differences in the demand variables (local, occupational and industrial unemployment rates and the lost job dummy) as instruments, since the effect on a worker of demand shocks to a region or industry may depend on his characteristics.10 This choice of instruments uses the unemployment experience of individuals outside the sample as a control for the unemployment experiences of those in the sample. The crucial identifying assumption is that there are not transitory shocks to tastes specific to workers in the same industry or region. The validity of this assumption does not depend on permanent tastes being uncorrelated across individuals in the same region or industry, since the permanent component of tastes drops out of the first-differenced error term.11 Further, aggregate transitory shocks to tastes will be captured by the time dummies. This assumption is clearly much weaker than that employed in previous studies, and, in the absence of experimental data, an assumption such as this seems necessary. Otherwise, any adjustment to hours in an industry that cannot be explained by wage movements in the industry can always be attributed to an industry-specific shock to tastes. It is also 
where ui, is a forecast error which, under rational expectations, will be a mean innovation relative to information known at time t-1 (i.e. it will have zero mean conditional on the information set at t -1). Taking logarithms of (15) yields InAit =p -r +b+ InAit-,+ Vit, 
where a= p -r+ b. The presence of the error vit in (17) has two implications for the test procedure outlined above."4 First, the unemployment dummy (or unemployed hours) may now be positively correlated with the error, since a spell of unemployment can indicate a worsening of the worker's economic condition and a subsequent rise in his marginal utility of wealth. This in turn will bias the unemployment coefficients (in an OLS regression) in a positive direction. Second, the current first differences in the demand variables are no longer valid instruments, since current demand variables (dated t) may be useful in predicting vit. To avoid this problem, I use the lagged first differences in the demand variables as instruments when considering uncertainty.
Allowing for underemployment
Finally, some readers may consider the test procedure outlined above as unduly narrow, since workers may be constrained in the sense of working fewer hours per week than they would desire in the absence of unemployment. Such underemployment may arise because of long-term contracting arrangements between firms and workers (Lazear (1981)), because of employer interests in employee hours of work (Lewis (1969)), or because firms institute work-sharing as an alternative to layoffs. In the PSID, individuals were asked whether there was more work available (in the previous year) on a worker's job (any of his jobs) so that he could have worked more if he had wanted to, and if not, whether he had wanted to work more. While there is some ambiguity in how individuals may respond to these questions, individuals who answer no to the first question and yes to the second question would appear to be reporting that they are underemployed. 15 To consider the hypothesis that these workers are not off their labour supply function, define a dummy variable Ki, coded 1 if individual i reports that he was underemployed in year t, and coded zero otherwise. Then estimate the following equations Table II contain the results of treating the unemployment and underemployment dummy variables as endogenous, but ignoring uncertainty, since the current first differences in the demand variables are used as instruments. The coefficients on both dummy variables rise, but so do the standard errors, and the underemployment coefficient loses its statistical significance when time dummies are included. When the unemployment dummy is replaced by measured hours of unemployment in columns three and four, the results are quite similar: hours of unemployment have a larger, significantly negative, coefficient while the underemployment coefficient is again insignificant when time dummies are included. Columns five and six present the results when unemployment is measured in dummy variable form and the lagged first differences in demand variables are used as instruments to allow for uncertainty. Analogous results for the case where unemployment is measured in continuous form are contained in columns seven and eight. The results for the unemployment variables are essentially unchanged, while none of the coefficients on the underemployment dummy is statistically significant at standard confidence levels.
Thus, after allowing for heterogeneity in worker tastes, endogenous unemployment, and uncertainty, these results provide strong evidence against the Lucas-Rapping view that unemployment represents intertemporal labour supply behaviour.20 On the other hand, the evidence against the hypothesis that underemployed workers are not constrained is considerably weaker.
ROBUSTNESS OF THE TEST RESULTS
While the results of the previous section seem quite strong, there is the danger (as in all empirical work) that they reflect some other form of misspecification in the labour supply model. In this section I first consider the robustness of the test results to changes in the specification of the hours equation. I then examine whether the results have been biased 
where now ln jit = lnAitn _ + b*-ln (1 +it) + V*t
In ( Table III ). The results of adding the first difference in the square of log-wage to the hours equation are reported in Table IV 
Changes in sample
When choosing a sample for estimation from the PSID, one faces the issue of whether to include individuals from the poverty subsample. Individuals were included in this sample on the basis of relatively low earnings in 1966, and thus the inclusion of these individuals may lead to biases as a result of nonrandom sampling. On the other hand, using these individuals does increase the sample size, and one would not expect the biases to be large in a first difference model using data from 1971 on. The results presented above are based on a sample which includes individuals from the poverty subsample, but the test results do not change when these individuals are excluded from the sample. (See Table VI Table VII.) 4.3. Changes in the stochastic structure of the residuals Finally, one could argue that making the standard assumption that the first-difference error terms are independent across individuals leads to biased standard errors and invalid test statistics. While a general treatment of this problem is beyond the scope of this paper, it is possible to consider two special cases. The first is to follow Altonji (1984) and assume that prices are the same within a region but that they differ across regions. In this case, the nominal wage should be deflated by regional price index Prt rather than by the national price index Pt. If Pt is used to deflate the nominal wage, the first-difference log hours equation becomes 
The terms vi, are assumed independent across individuals. Further, for expositional ease I will refer to ult as a shock or surprise, which is only approximately correct given (16). In a given year, everyone in the same industry has the same shock, and shocks are assumed to be distributed independently across industries.24 Further, given the interpretation of ult as a surprise, it is assumed to be orthogonal to all variables dated t -1, including past surprises. The variance of a shock is assumed to be constant over time and industries. Thus Table  II , respectively. For example, using (29) produces a standard error on the coefficient of the unemployment dummy in Column (6) of Table II that is equal to 1-003 (0 3% in Column 2) times the standard error reported for this variable in Column (6) of Table II .
CONCLUSION AND INTERPRETATIONS
The Kiefer and Neumann (1979) and Nickell (1979a) work within the context of an empirical search model. In the compensating wage and contract models, workers voluntarily enter firms anticipating constraints so that while they are not constrained ex ante, they are likely to be constrained expost once they begin work. Since the test presented above is a diagnostic test for the absence of ex post constraints, this test cannot distinguish which of the other models of unemployment may be appropriate.
The interesting theoretical search model of Burdett and Mortenson (1979) is more difficult to classify. In this model, workers optimize over leisure, search and hours of work in an intertemporal setting. However, their model differs from the standard labour sapply model in several important respects. First, workers must satisfy a static budget constraint each period. Secondly, search represents a more general form of human capital accumulation than is allowed for in the standard intertemporal labour supply model. Third, workers face exogenous probabilities of temporary and permanent layoffs. As a result, the hours of work of an individual who searches while employed, or who experiences any unemployment during the year, will depend on both wages and demand conditions. Essentially this model retains the intertemporal optimization aspect of an intertemporal substitution model, but drops the market clearing assumption.
There are at least three modifications to the intertemporal substitution model which could potentially explain the test results in Sections 3 and 4. First, one could argue for the importance of intertemporal substitution during the year. This study, like all previous work on intertemporal labour supply, assumes that a year is the appropriate time interval for defining the utility function and measuring wages since the data come at this level of time aggregation. Thus the possibility of substitution within the year is ignored. If workers do indeed move in and out of employment in response to wage fluctuations during the year, the observed wage will be an upwardly biased estimate of the mean actual wage facing a worker who experiences unemployment during the year. Further, this sample selection problem will not be eliminated by standard instrumental variables techniques such as those used above. Unfortunately, in the absence of very rich data sets containing information on a worker's wage opportunities while unemployed, there would appear to be no means of testing this hypothesis.27
Alternatively, one could argue that economic decisions are not based on a worker's observed wage, but rather on a shadow wage which represents the worker's marginal product. The observed wage differs from the shadow wage because workers dislike highly variable wage paths (over time), and employers respond by offering a wage stream which represents a smooth version of workers' marginal products over time. (See Barro (1977) or Rosen (1984) .) Thus an intertemporal substitution model based on shadow wages may be appropriate. Unfortunately, shadow wages are unobserved and testing this version of the model will be extremely difficult.
Finally, one could drop the assumption that the life-time utility function is separable over time.28 One possibility is given by Hotz, Kydland and Sedlacek (1982) , who work with a model where current utility depends on a distributed lag in hours worked. However, to generalize preferences in this manner, they must impose much more restrictive stochastic assumptions. While trade-off s of this sort are always present in empirical work, their stochastic assumptions make it much more difficult to carry out a convincing test of the hypothesis considered here. First, one must give up the control on tastes that a first difference model provides. Second, in such models it is always difficult to determine whether lagged variables are important because of preferences, or because of worker heterogeneity, or because they simply represent some sort of disequilibrium or costs of adjustment.29
To summarize, if one adopts the standard life-cycle labour supply model, the evidence is quite strong and robust against the Lucas-Rapping hypothesis that unemployment represents intertemporal labour supply behaviour. Whether these test results continue to hold in more complex versions of the intertemporal substitution model is an important, but extremely difficult, area for future research. 12. See also Blundell and Walker (1983) and King (1983) . This treatment of uncertainty rules out complete contingent claims markets and self-insurance. See Hart (1983), King (1983) and Rosen (1984) for discussions of these issues.
13. To simplify the presentation, r is taken outside the expectation operator. A sufficient condition for this is the existence of an asset with a risk-free rate of return; see MaCurdy (1983).
14. For completeness, one can also consider uncertainty in the upper bound model given by (9a) and (9b). If one assumes that future values of H cannot be affected by current behaviour, and maintains the assumption that the utility function is additive over time, this does not create a serious theoretical problem. One takes expectations with respect to future values of H and w, and in each period separates the cases where Hs(w) > H from its complement. (Also see King (1983) . However, introducing uncertainty will make econometric estimation of a model based on (9a) and (9b) much more difficult.
15. For example, these individuals may be indicating that they would like to work more hours only at an overtime premium.
16. One possible criticism of this approach is that it ignores the role of taxes. In the presence of taxes, the error in (7) implicitly contains a term of the form A ln (1 -r,) where ri, the marginal tax rate. (See MaCurdy (1983).) However, this omission will tend to bias the unemployment coefficients in a positive direction, since AU,, and A ln (1 -r,,) will be positively correlated.
17. Rea (1974) was the first author to suggest the type of test used here and in Ashenfelter and Ham (1979) . For references to earlier testing procedures using micro data, see Ham (1982 19. Note that in column four the time dummies will, outside a Lucas-Rapping framework, also pick up aggregate demand shocks. This, in turn, may make it more difficult to reject the null hypothesis considered here.
20. Complementary evidence is provided by Flinn and Heckman (1983) . Using discrete data on labour market states for a sample of young men from the NLS data, they reject the null hypothesis that the state of being out of the labour force is not behaviourly different from the state of being unemployed. 24. This assumption may be more appropriate when time dummies are included in the hours equation. 25. One could also experiment with other forms of surprises (such as those across regions or occupations) and surprises at different levels of aggregation (e.g. two-digit industries or different age and education classes.) I considered allowing for regional surprises in addition to industrial surprises. Define O.2 as the variance of the regional surprise, and assume that the two surprises are independent. Then one has three sums of cross-products with which to calculate the respective variances: Sl, the sum over individuals in the same region and industry; S2, the sum over individuals in the same region but not the same industry; and S3, the sum over individuals in the same industry but not the same region. Denote the number of cross-products in each sum by Nl, N2 and N3, respectively. Then s1 = Sl/N1 estimates R + a2 = S2/N2 estimates o-R and s3 = S31N3 estimates ocri. Unfortunately, using s2 directly or using the least squares estimator 1/3(s, + 2s2 -s3) produces a very small, but negative, estimate of o-R , although using sl -s3 produces a small but positive estimate. One interpretation of this problem is that o,2R is quite close to zero, and the negative estimate simply reflects sampling error.
26. Given this evidence of misspecification, the question arises as to what extent the estimate of 8 would change in a properly specified model. One possibility is to estimate a model along the lines of (9a) and (9b), although once one allows for uncertainty it is no longer legitimate to treat A as a fixed effect. In a preliminary investigation of this issue, Ham (1980) found that using a model like (9a) and (9b) (but ignoring uncertainty) for prime age males had little effect on the wage coefficient but did affect the estimates of the individual constants. While the preliminary nature of this result must be emphasized, it is interesting to note that it is similar to that found in Ham (1982) . That study found that controlling for unemployment and underemployment in the estimation of a static labour supply equation had a significant impact on the coefficients of the demographic variables but had little impact on the wage coefficient. 27. A similar problem arises with overtime wages. If a worker can only work overtime in certain weeks of the year, it is invalid to use annual hours as an aggregate measure of labour supply. Unfortunately, there is insufficient information on overtime wages and hours in the PSID for the sample period to investigate even a very simple model of overtime.
28. Heckman (1981, Appendix A) reports evidence that suggests the possibility of nonseparability over time when estimating a life-cycle model of labour force participation for married women.
29. The latter explanation is often given in dynamic studies of consumer demand; see, for example, Blundell (1982, 1983) .)
